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$N$ , $N$ , $R$ 2
, $\Gamma_{0}$ $\Gamma$0 $i$
$r_{i}=(x_{i}, y_{i})$ , ,
$\frac{dr_{i}}{dt}=-\frac{1}{2\pi}\sum_{j\neq i}^{N}\Gamma_{7}\frac{(r_{i}-r_{j})x\hat{z}}{|r_{i}-r_{j}|^{2}}+\frac{1}{2\pi}\sum_{j}^{N}\Gamma_{j}\frac{(r_{i}-\overline{r}_{j})x\hat{z}}{|r_{i}-\overline{r}_{j}|^{2}}$ . (1)
, $\hat{Z}$ , $z$ , $\overline{r}_{i}=$
$R^{2}r_{i}/|r_{i}|^{2}$ , $H$
$I$
$H$ $=$ $- \frac{1}{4\pi}\sum_{:}^{N}\sum_{j\neq i}^{N}\Gamma_{i}\Gamma_{j}\ln|r_{i}-rj|+\frac{1}{4\pi}\sum_{i}^{N}\sum_{j}^{N}\Gamma_{i}\Gamma_{j}\ln|r_{i}-\overline{r}j|$
$- \frac{1}{4\pi}\sum_{i}^{N}\sum_{j}^{N}\Gamma_{i}\Gamma_{j}\ln\frac{R}{|r_{j}|}$ , (2)
$I$ $=$ $\sum_{i}^{N}\Gamma_{i}|r_{i}|^{2}$ (3)






, $W(E, I)$ , $E$ ,
$\beta$ ( 1) ,
, $Earrow\infty$ $Warrow 0$
, , $E_{0}$ , $E>E_{0}$ $d\ln W/dE<0$







$\Gamma_{i}\frac{dx_{i}}{dt}$ $=$ $\frac{\partial H}{\partial y_{i}}$ , (5)
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6724 $x2=13448$ $(N=3362)$ , 4, 5
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, ( $k$ )
, [9, $10|$
$E(k)$ $=$ $\frac{1}{4\pi k}\sum_{i}^{N}\Gamma_{i}^{2}+\frac{1}{4\pi k}\sum_{i}^{N}\sum_{j\neq i}^{N}\Gamma_{i}\Gamma_{j}J_{0}(k|r_{i}-r_{j}|)$
$- \frac{1}{2\pi k}\sum_{i}^{N}\sum_{j}^{N}\Gamma_{i}\Gamma_{j}\sum_{\ell=0}^{\infty}\epsilon_{\ell}(\frac{|r_{j}|}{R})^{\ell}J_{\ell}(kR)J_{\ell}(k|r_{i}|)\cos(\ell(\phi_{i}-\phi_{j}))$
$+ \frac{1}{2\pi k}\sum_{i}^{N}\sum_{j}^{N}\Gamma_{i}\Gamma_{j}\sum_{\ell=0}^{\infty}\epsilon_{\ell}(\frac{|r_{j}|}{R})^{\ell}J_{p}^{2}(kR)\cos(\ell(\phi_{i}-\phi_{j}))$ . (9)
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